exposure to halothane. The ciliary activity after exposure to increasing concentrations of halothane showed that at 1 percent and 2 percent halothane there was no impairment, while 3 percent halothane caused some ciliostasis. Dramatic reduction m the ciliary activity occurred at halothane concentrations of 4 percent and 5 percent.
Pulmonary alveolar macrophages (PAM) play a key role in the antibacterial defenses of the lung. Their activity is modulated by both humoral and cenular imm~n i t y .~ Phagocytosis and intracellular killing of bacteria by the PAM is an active energy-utilizing process, dependent entirely on aerobic oxidation. Halothane is an agent known to depress oxidative phosphorylation. Also, the microtubular structures of cells are distorted by halothane and their integrity is essential for phagocytosis. Therefore, it could be argued from a theoretic point of view that halothane will depress pulmonary macrophage function.
However, a previous study by Goldstem et a14 concluded that halothane failed to depress PAM, whereas methoxyffwane and cyclopropane did depress their activity. Our results are at variance with these data, and suggest halothane does cause significant depression of lung antibacterial activity. This &ding is consistent with the anesthetic action of halothane and rnethoxyllurane at a sub-cellular leveL5
The in uifro organ culture model of tracheal rings has the advantage of assessing the effects of prolonged exposure to halothane on ciliary activity. Our studies showed that halothane concentrations of 4 percent or more impaired ciliary activity and prolonged exposure was cytotoxic after several days. Halothane exposure of less than four days was followed by complete recovery of ciliary activity. Since in clinical practice 4.0 percent halothane concentrations are m l y used, and then only briefly for induction, we conclude that at the usual concentrations of halothane there is minimal depression of ciliary activity, which is reversible after termination of the atpomm. uniformly present in lavage returns, but the concentrations varied widely. The mean amcentration of LDC present in the flnid recovered fnrm the initial 60 ml aliquot from eight subjects was 5.5 mM; (range 0.9mM to 11.5mM) Signihntly (P < .01) bwer concentrations of LDC were present in subsequent lavage ef€Iu-ents. The mean concentration present in the second lavage a u e n t was 0.8 m M and dm mean concentration present in the remainder of the saline solution recovered was 0.4mM.
Our second goal was to determine the effeet of LDC or TRC on 0 , consumption and 0 , ' release by unstimulated or stimulated AM. LDC (216mM) or TRC (0.5 mM) in a dosedependent manner rapidly reduced 0, uptake and 0, release by unstimulated or stimulated human AM (Fig 1) . The effects were produced by concentrations of LDC which were present in the lavage &uents, but were more marked at higher concentrations. LDC (16mM) decreased 0, consumption by unstirnulated or stimulated AM by 67 percent or 74 percent respectively (P < .001) . Similarly, LDC inhibited 0 ; release by unstimulated or HKB-stimulated AM by approximately 80 percent ( P < .001). In a camparable pattern, TRC in a dose-dependent manner progressively reduced 0, uptake and 0, release by human AM. The degree of inhibition of metabolism by 2rnM TRC was similar to that by 16m LDC. Additional experiments showed that in concentrations used LDC or TRC were not cytotoxic to human AM since their inhibitory &ect on 0, consumption was reversed by washing AM in HBSS.
Our third goal was to assess the influence of cationic anesthetics on the ultrastructure of human AM. Examination of control AM and samples of AM which had been incubated with TRC (0.5-2mM) revealed striking differences in surface morphology. Human AM exposed to TRC were uniformly covered by villous projections, but lacked the sheet-like protuberance seen on all control AM (Fig 2) . Thin sections of control AM and AM incubated with TRC revealed no sigdcant differences in internal structure or organization. In summary, the findings show that anesthetic agents routinely present in lavage efauents have the capacity to alter the function and structure of AM.
The results of the present experiments suggest that the site of action of these anesthetic agents on the human AM is in part the cell membrane, and that they alter the response of these cells to surface stimuli. This is sup ported by three lines of evidence. First, PMA, whose effect was inhibited by LDC or TRC is a surface active agent that binds to the cell membrane.8 the generation of Oi which was inhibited by LDC or TRC has been recently demonstrated to be a membrane dependent respon~e.~ Third, our ultrastructural findings demonstrated striking differences in surface morphology between control and TRGtreated AM, but no sig&cant differences in internal structure.
In conclusion, the findings of this investigation have Dr. Davis: I congratulate you on a very complete and multi-faceted study. Just to give you the reassurance that it gave me, your values for oxygen uptake by human alveolar macrophages, both stimulated and unstimulated, virtually match ours to the decimal point. I wonder if you would comment on the fact that oxygen uptake and superoxide generation appear to be matched quite closely when you inhibit them with lidocaine. Since oxygen uptake is much easier to do and requires fewer cells, is it necessary to look at both in order to say anything about killing potential?
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Dr. Hoidal: To take the last part first, I think it's necessary to look at both. Using a very special inhibitor of mitochondria1 respiration antimycin A, which inhibits the electron transfer from cytochrame B to C,, we were able to inhibit approximately two-thirds of alveolar macrophage oxygen uptake, but not superoxide release. Subsequently, we have been interested in comparing alveolar macrophages from smokers and nonsmokers.
Our initial studies compared a population of older patients undergoing diagnostic fiberoptic bronchoscopy. The 0, uptake by smokers was approximately 50 percent greater than the 0, uptake by nonsmokers. We then evaluated alveolar macrophages from young smoking volunteers and age-matched nonsmokers. The 0, uptake was approximately the same in these two groups, but the pathways of oxygen utilization appeared different. Specifically, the smokers' alveolar macrophages when stimulated had a greater superoxide release than the non- 
T
he results of previous studies using dogs indicated that intrapulmonary immunization resulted in an increase in antigen-specific an tibody-forming cells in the population of cells removed by lung lavage.' However, it remains unclear whether these cells were produced by antigen deposition and stimulation of cells in airwayassociated lymphoid tissues, or in regional and distant lymphoid tissues followed by a migration and accumulation of antibody-forming cells in the lung. To obtain additional data concerning the role of local and systemic immune responses following instillation of antigen into the lung, dogs were immunized in specific airways and the resulting immune response was measured in immunized as well as control airways, in regional lymphoid tissues and in blood and spleen.
Beagle dogs two and three years of age were immunized by instillation of 1010 sheep red blood cells (SRBC) in 1.0 ml saline solution into airways of individual lung lobes. A fiberoptic bronchoscope was used to locate specific airways and the SRBC suspension was delivered through 1.6 mm diameter polyethylene tubing into airways approximately 2 mm in diameter. The SRBC were instilled into the airways of the right or left apical and right or left diaphragmatic lung lobes of 16 dogs. These dogs were sacrificed five days after immunization and cell suspensions were prepared from individual lung-associated lymph nodes and the spleen. The Jerne plaque assay as modified by Cunningham2 was used to determine the number of anti-SRBC plaque-forming cells (PFC). To evaluate the local response in immunized and control airways, nine additional dogs were immunized in airways of either the left or right apical lung lobes. The immunized airway and a control airway in the opposite a p i d lobe were lavaged with five saline solution washes of 10 ml each using the fiberoptic bronchoscope on days 3,5,7,10, 12, 14 and 21 after SRBC exposure. An average volume of 42.2 ml lavage fluid was recovered. The cells recovered were counted and the percentage of macrophages, lymphocytes and granulocytes was determined. Blood samples were also taken and the number of direct ( IgM ) and indirect ( I&)
